A b s t r a c t
Introduction
Inguinal hernia repair procedures belong to the group of the most commonly performed procedures in general surgery and are among the first procedures to be carried out by junior surgeons during their professional training. More than one million operations for hernia are performed in Europe and the United States each year [1] [2] [3] . In Poland, approximately 60 thousand inguinal canal repair procedures are carried out each year, 60% of which are performed using a mesh (according to the National Health Fund [NFZ] ). Data also include children, in whom we do not routinely use mesh in inguinal canal repairs. After excluding children, the percentage of mesh procedures rises to 90, but the general number of mesh procedures drops to 45 thousand.
Over the past 20 years, about 300 research papers, doctoral dissertations and conference communications on inguinal hernia have been written and/ or presented in Poland [4] . Elective inguinal canal repair surgery is considered to be a clean procedure which does not, as such, require antibiotic prophylaxis [1] [2] [3] [4] [5] [6] . Over the years, the number of implants used during inguinal hernia repair procedures has considerably increased, and the Lichtenstein method has become the gold standard in the management of this condition [7] .
Antibiotic prophylaxis in open inguinal hernia repair: a literature review and summary of current knowledge Routine use of antibiotic prophylaxis in elective inguinal hernia repair procedures using an implant is still controversial. The rate of surgical site infection (SSI) following hernia repair procedures reported in the international literature ranges between 0% and 14% [5, 6, [8] [9] [10] [11] [12] .
Most double-blind randomised controlled trials (RCTs) do not confirm that use of antibiotic prophylaxis statistically reduces the rate of SSI [1, [13] [14] [15] [16] [17] [18] [19] [20] .
On the other hand, according to the surveys conducted at hospitals in London and the South East of England, an overwhelming majority of surgeons are in favour of using antibiotic prophylaxis when performing hernia repair procedures with a mesh (84%). They base this opinion on their own beliefs and experience. Furthermore, 22 out of 28 hospitals interrogated in this region include antibiotic prophylaxis in their guidelines [21] .
The European Hernia Society (EHS) does not recommend routine antibiotic prophylaxis for elective inguinal hernia repair procedures using a mesh in low-risk patients but recommends considering prophylaxis where there are patient-related risks (recurrence, old age, immunosuppression) or procedure-related risks (long duration of surgery, drainage). This applies to centres where the SSI rate for elective clean surgery is below 5% [22] .
The supplement to the EHS guidelines and the comment of the Polish Working Group for Recommendations state that in the setting of Polish hospitals, the use of antibiotic prophylaxis reduces the risk of surgical wound infection in open hernia repair procedures [4, 23] .
Antibiotic prophylaxis in clean procedures
Antibiotic prophylaxis is an activity aimed at reducing the intraoperative level of microorganisms to a quantity which can be successfully dealt with by the patient's immune system. This prophylaxis involves the administration of a drug before bacteria adhere to host tissues or host proteins in the surgical field or the reduction of the quantity of colonising bacteria at that site [24, 25] .
Indications for administering a prophylactic antibiotic result from clinical trials in which a reduced number of infectious complications has been demonstrated. Prophylaxis is also recommended in situations where potential SSI could lead to dramatic consequences [25] .
In 1964, the US National Research Council (NRC) proposed a classification of surgical wounds that would predict the risk of SSI. The current classification, modified by the Centers for Disease Control and Prevention (CDC), distinguishes four classes of wounds: clean, clean-contaminated, contaminated, and dirty (see Table I ) [25, 26] . This classification aims to assess the risk of bacterial infection and potential complications in the form of SSI in perioperative management [26] . This classification has also served as the basis for implementing guidelines for the use of perioperative prophylaxis.
Clean wounds in surgery almost always concern elective procedures, which are carried out under sterile conditions. They require prophylaxis only in cases involving the introduction of prosthetic devices or implants and in situations where infection could pose a high risk to the patient (such as operative procedures in the fields of cardiothoracic surgery, neurosurgery, orthopaedic surgery and vascular surgery). Elective inguinal hernia repair procedures are a good example of clean surgical procedures.
The benefits of antibiotic prophylaxis in cleancontaminated and contaminated wounds are indisputable. In cases of dirty wounds, the patient is given antibiotic treatment rather than being provided with antibiotic prophylaxis [27] [28] [29] [30] [31] .
In clean procedures, such as elective inguinal hernia repair procedures and breast surgery, the use of prophylaxis seems controversial. The SSI rate in clean procedures should not exceed 2% [32] .
It might seem that single doses of antibiotics in perioperative prophylaxis are harmless. However, they always pose a risk of causing an allergic reaction or generating bacterial resistance [33] . As about 30-50% of antibiotics in hospitals are administered for prophylactic purposes, their unnecessary use is also significant from the economic point of view [24, 34] .
Guidelines on antibiotic prophylaxis include the indications, the type of antibiotic as well as the timing and method of its administration [25, 35, 36] . The currently applicable guidelines in Poland are those published by the Ministry of Health, authored by Hryniewicz, Kulig et al. and constituting an element of the National Antibiotic Protection Programme.
A single dose of a cephalosporin (e.g. cefazolin) given intravenously, directly before making the incision, is commonly recommended. The prophylaxis is expanded to include subsequent doses if the procedure takes longer than expected [25] .
For a certain period of time, there was a trend in the international literature to shift towards oral administration of antibiotic prophylaxis, as a cheaper and simpler alternative to intravenous dosing [37, 38] . Currently in Poland, oral prophylaxis is only recommended for urological procedures.
Risk factors for surgical site infection
Identification of the risk factors for SSI is of key importance. This follows the assumption that certain patient groups will be able to achieve measurable benefits from using antibiotic prophylaxis in clean operative procedures [39] .
As mentioned above, the results of RCTs to assess the use of prophylaxis in hernia repair procedures are inconclusive [1, 5, 13-20, 40, 41] . Three trials are in favour of using prophylaxis [5, 40, 41] , while nine are against [1, [13] [14] [15] [16] [17] [18] [19] [20] . There is no evidence that unequivocally supports the necessity of using antibiotic prophylaxis for hernia repair procedures.
The EHS guidelines are therefore based on the assumption that prophylaxis in clean operative procedures is unnecessary. Patients with multiple risk factors for SSI are an exception [4, 22] . Classifying patients into groups at low or high SSI risk would allow us to identify those who should be provided with prophylaxis.
The SSI rates are affected by the so-called risk indexes, with the SENIC and NNIS risk indexes being the best known ones [42] . According to the SENIC (Study of the Efficacy of Nosocomial Infection Control) index, the most important risk factors are the following: an abdominal operation; an operation lasting more than 2 h; a surgical site with a wound classification of either contaminated or dirty/infected; an operation performed on a patient having more than 3 discharge diagnoses.
Absence of risk factors predicts the SSI rate at 1%, while the presence of 1, 2, 3 and 4 factors is associated with a rate of 3.6%, 8.9%, 17.2% and 27.0%, respectively [30, 43] .
The NNIS (National Nosocomial Infection Surveillance) system index identifies the following risk factors for SSI:
• A surgical site with a wound classification of either contaminated or dirty/infected. • An operation lasting more than 2 h or more than 75% of the time allocated for the operation.
• The patient's ASA score of more than 3.
Absence of the above risk factors is associated with an SSI rate of 1.5%, while the presence of 1, 2 and 3 factors is associated with a rate of 2.9%, 6.8% and 13.0%, respectively [25, 30, 44, 45] . The NNIS system has certain limitations, as it utilises the (often subjective) American Society of Anesthesiologists (ASA) scale [46] . An NNIS risk index of 2, in cases of hernia repair procedures, weighs in favour of using prophylaxis, although no evidence to support this could be demonstrated in research studies [47] . However, as the CDC pointed out, risk factors may vary from procedure to procedure [48] .
The EHS lists recurrence of hernia, old age (> 70 years) and immunosuppression as patient-related risk factors for infection. A long duration of the operation and drainage are listed as procedure-related factors. Co-morbidities (diabetes mellitus, rheumatoid arthritis, obesity) are also included among the risk factors [22] .
Establishing universal risk factors in the case of hernia repair procedures is not, however, an easy task. Many of these factors are controversial, and their impact on SSI rates is questioned by some [5] . Leaving a drain in the postoperative wound may serve as an example. Yerdel et al. [40] reported a significant effect of drainage on an increased rate of SSI, while the results reported by Aufenacker et al. [1] and Tzovaras et al. [16] were quite opposite.
Studies have shown that sex could be a factor significantly affecting the rates of SSI (as demonstrated by the higher rate of SSI in women undergoing hernia repair procedures). Hypoalbuminaemia has also been shown to be an independent risk factor for SSI [1] . It therefore seems necessary to conduct further studies to establish the actual risk factors for SSI [5] .
Antibiotic prophylaxis in hernia repair procedures
Elective hernia repair procedures are considered to be clean procedures which do not, as such, require antibiotic prophylaxis [6, 49, 50] . Antibiotic prophylaxis is not recommended for procedures carried out without a mesh, and this seems to be indisputable. This view is also included in the EHS guidelines [22] . Implantation of a mesh during a hernia repair procedure is, however, theoretically associated with a higher risk of infection [15] .
As already mentioned, the benefits of antibiotic prophylaxis in low-risk patients are doubtful. This opinion is shared by the EHS [22] and reflected by most of the published RCTs [1, [13] [14] [15] [16] [17] [18] [19] [20] .
According to the surveys conducted at hospitals in London and the South East of England, however, more than half of surgeons use antibiotic prophylaxis during hernia repair procedures, including in lowrisk patients (i.e. those without risk factors for SSI). They justify their approach by the presence of an implant, despite the lack of sufficient clinical evidence to support this course of action [21] .
Furthermore, most surgeons admit that they do not comply with the perioperative antibiotic treatment guidelines followed at their own facility (at hospitals where the guidelines are based on the EHS recommendations) and they administer antibiotic prophylaxis to their patients. They explain this by being "profoundly" convinced that they are doing the right thing [21] .
The use of antibiotic prophylaxis is justified by the high rate of clinically significant SSI [25] . The main problem with hernia repair procedures is that it is difficult to establish the actual rate of SSI: depending on the source, the rate varies from 0% to 14%. Such a considerable divergence may stem from a number of factors. Factors that play a significant role include: the method of post-hospitalisation follow-up (SSI diagnosed by the surgeon vs. an independent observer), the definition of SSI (no definition vs. the CDC definition), duration of post-discharge follow-up (1 week vs. 1 year), study design based on which the rate of SSI is calculated (retrospective non-randomised vs. prospective randomised), etc. [51] . Of particular note is the fact that 50% of SSI are diagnosed after the patient's discharge, as a result of which the SSI rates may be considerably underestimated [10] [11] [12] .
Based on the literature, there is a need to include one more factor, often not mentioned directly, which is the "surgical environment". The RCTs and meta-analysis show that medical centres less specialized in hernia repair procedures (general surgery wards vs. hernia repair centres) achieve benefits from using antibiotic prophylaxis. The same correlation seems to take place between economic development of the country, level of health service and incidence of SSI. Those data comply not only with hernia repair procedures, but surgical procedures in general (especially "clean procedures").
Surgical site infection: costs and consequences
Surgical procedures on the inguinal canal account for a fourth of all operative interventions in general surgery [52] . Based on the numerous randomised trials and meta-analyses, procedures using Videosurgery and Other Miniinvasive Techniques 3, September/2016 a mesh have become the gold standard in the surgical repair of inguinal hernia [2, 53, 54] . Procedures using a mesh have reduced the rate of recurrence from 15% to less than 1% [55, 56] .
Recurrent hernia is not, however, the only complication that may develop following procedures carried out using a mesh. The other complications include seromas, haematomas at the surgical site, chronic pain, migration or rejection of the mesh, and SSI.
As with other wounds, SSI complicating surgical repair of an inguinal hernia may be classified into superficial (SSSI) and deep (DSSI). This classification is based on the classification developed in 1992 by the CDC [57] [58] [59] . Herniologists often use a simpler classification: infections that do or do not involve a prosthesis.
Most infections arise in the skin and subcutaneous tissue within the first 30 days after surgery (SSSI). Deep infections, involving the fascia and/or muscles, but also the implant itself, may manifest within up to 1 year after surgery and account for the minority of SSI cases [60] .
Superficial infections associated with inguinal hernia repair procedures are not as dangerous as those developing in other surgical specialties (neurosurgery, cardiac surgery, orthopaedic surgery). They usually require simple drainage with or without systemic antibiotic treatment [61] . Though troublesome to the patient, they are generally not a major clinical problem.
The DSSI are a serious therapeutic problem and a difficult condition to manage. They usually require prolonged hospitalisation (usually several hospitalisations) and in some cases repeat surgery. The most common causative factors are Staphylococcus aureus and Staphylococcus epidermidis [40, 58, 62] . Mann et al. [59] and Taylor and O'Dwyer [61] reviewed the literature about the fate of infected inguinal hernia grafts, and concluded that this condition frequently necessitates complete removal of grafts [24] .
These seemingly easy-to-treat conditions, superficial infections should not, however, be taken lightly.
The development of a complication in the form of an SSI prolongs the patient's hospitalisation by an average of 7 days and increases the hospitalisation costs by about 3000 US dollars (according to the CDC) [24] . These are overall data concerning all surgical procedures (not only those for hernia). In cases of orthopaedic or cardiac surgery, the costs can increase to as much as 30,000 US dollars [24, [63] [64] [65] [66] .
According to Kirkland et al. , patients who develop SSSI are 60% more likely to require hospitalisation at an ICU, five times more likely to be readmitted to hospital and twice as likely to die during the perioperative period compared to patients without SSSI [63] .
As far as hernia repair procedures are concerned, SSSI quadruples the risk of hernia recurrence, although there are sources that do not confirm this [4, 19, 67] . On the other hand, avoidance of using unnecessary prophylaxis not only reduces the costs but also minimises the risk of allergic reactions and of the emergence of bacterial resistance [22, 25] .
The per-patient cost of prophylaxis estimated by Aufenacker et al. is relatively low (13.54 Euro). Avoidance of using unnecessary prophylaxis could, however, save 10 million Euro in the US and Europe, because 70% of hernia repair procedures are carried out in patients at a low risk of perioperative infections [1, 68] .
According to Davey and Nathwani, the additional cost of treating a patient with SSI, in the case of inguinal hernia, is 600 US dollars. The SSI in cases of colorectal surgery increases the per-patient costs by 2,106 US dollars. In spite of all that, the total annual cost of hernia surgery is the same as that of colorectal surgery (44,800 vs. 48,440 US dollars). This is due to the fact that hernia repair procedures are much more common than surgical procedures on the large intestine. This goes to show that the frequency at which a given procedure is performed is equally important as its "quality" [69] .
The above cost analysis demonstrates that each improvement in using antibiotic prophylaxis for surgical procedures (including those for hernia) will have a significant impact both in medical and economic terms.
Similar calculations for Polish conditions are lacking, and no reliable cost-effectiveness analysis has been carried out for using antibiotic prophylaxis in patients undergoing hernia repair.
Review of studies
A large number of research papers and reports on the efficacy of antibiotic prophylaxis in hernia repair procedures have been published in the literature (see Table II ). Prospective randomised trials (preferably double-blind ones) are of the greatest value, and 12 such studies have been conducted over the past 15 years [1, 5, 13-20, 40, 41] . Three of them demonstrated efficacy of prophylaxis in the prevention of SSI [5, 40, 41] , while 9 recommended against its routine use [1, [13] [14] [15] [16] [17] [18] [19] [20] .
The contradictory results and the fact that most of them have been conducted in a relatively small group of patients makes it impossible to draw an unequivocal conclusion.
In 2001, a large, prospective, randomised, double-blind trial was conducted in Turkey to evaluate the use of antibiotic prophylaxis in hernia repair procedures. The efficacy of intravenous administration of ampicillin plus sulbactam for the prevention of SSI in patients undergoing an elective Lichtenstein procedure was evaluated [40] .
In a study population of 269 patients, Yerdel et al. demonstrated that the frequency of perioperative infections in the control (placebo) group was 9% [40] . The study did not reach sufficient power (334 patients were required) and had to be terminated early due to the large number of infections in the placebo group. The rate of SSI in the antibiotic-treated group reached the value of 0.7% (1 in 136 patients) . Such a considerable difference between the groups and such a high rate of infections in the control group generated discussion in the medical community.
In 2003, a Cochrane meta-analysis showed that antibiotic prophylaxis in inguinal hernia repair procedures could neither be unequivocally recommended nor rejected [70] . It was concluded that the problem remained unsolved. Further studies were postulated.
In response to the above meta-analysis, a prospective, multicentre, double-blind, randomised, placebo-controlled trial was conducted [1] . It was hypothesised that antibiotic prophylaxis would reduce the rate of SSI from 4% to 1% in hernia repair procedures. A total of 1008 patients were included in the study (against the initially planned sample size of 978), but no significant difference in the rate of SSI was demonstrated between the patients receiving antibiotic prophylaxis and those receiving placebo (1.6% vs. 1.8%) [1] .
It was concluded that prophylaxis in low-risk patients was unjustified and unnecessarily increased the costs of hernia repair procedures using a mesh [1] . Despite the objections and limitations reported by other investigators regarding the study by Aufenacker et al. (such as the lack of stratification into low-risk and high-risk subgroups, exclusion of patients below 35 years of age, and failure to calculate the patients' body mass index (BMI) values), this has been the largest and best-designed RCT so far. The study has also generated several interesting conclusions. It was shown that age above 60 years, prolonged duration of the operation, and bilateral hernia are not independent risk factors for SSI in hernia repair procedures.
It was also revealed that females undergoing hernia repair had a higher rate of SSI, although no good explanation of this fact could be found.
The study by Celdran et al. and the one by Perez et al. were both conducted on a small sample of patients and were therefore insufficiently powered. The study by Perez et al. was burdened with a high probability of type II error. The weakness of the test makes it impossible to draw hard conclusions [15] .
The study by Celdran et al. was designed to include a larger number of patients but was prematurely terminated due to the high rate of infection in the control group (8%) [41] . The total number of enrolled patients was 89. The SSI was observed in 4 out of 49 patients in the control group. The remaining studies listed in Table II found no significant differences in the rate of SSI between the control group and the antibiotic prophylaxis group and, as such, confirmed the conclusions drawn by Aufenacker et al. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
The most recent study has been conducted in Japan by Mazaki et al. (published in April 2014) [5] . Similarly to the studies by Celdran et al. and by Yerdel et al., this study was designed for a larger sample of subjects (400 patients) but was also prematurely terminated (after accrual of 200 patients) due to the high rate of infection in the placebo group (13%). It was concluded that the number of SSSI cases dramatically decreased among the patients provided with antibiotic prophylaxis. This conclusion was valid for the patients at a low and at a high risk of perioperative infections [5] . The patients provided with prophylaxis also developed a lower number of other complications than the placebo group (e.g. haematoma, seroma, orchitis, urinary tract infection). The study did not reveal any effect of antibiotic prophylaxis on the rate of DSSI.
The authors explained the high rate of SSI in the placebo group (13%) by including patients with a higher number of risk factors than the patients participating in the previous RCTs. The study population included patients over the age of 70 years, patients with diabetes mellitus and ASA III patients. Also the duration of surgery exceeding 60 min was not an exclusion criterion.
Eighty-three percent of the procedures in this study were carried out by surgeons in training, and all the SSI cases developed in patients operated on by residents. Although it was previously demonstrated that the surgeon's rank was not a significant risk factor for SSI [4, 11, 47] , this is nevertheless an interesting finding.
The authors stressed the necessity of further studies on the subject with a particular emphasis on such aspects as (among other things) the necessity to establish the actual risk factors in patients undergoing hernia repair procedures [5] .
Discussion
The rate of SSI in studies confirming the efficacy of antibiotic prophylaxis in hernia repair procedures is surprisingly high [5, 40, 41] .
These values are at least twice as high compared to those in studies that have demonstrated no effect of antibiotic prophylaxis on SSI rates [1, [13] [14] [15] [16] [17] [18] [19] [20] .
Although the authors explain this issue by underestimating the number of SSSI and by excluding patients at a high risk of SSI from the study populations in other RCTs, some thought should be given to the conclusions they draw. Such significant differences raise the suspicion that the surgical technique, haemostasis and postoperative care might contribute to the rate of SSI in hernia repair procedures much more than antibiotic prophylaxis alone. One of the major problems with the RCTs conducted so far is the low number of patients in each of the study groups. A correct evaluation of each of these studies and the demonstration of statistically significant differences between the control group and the group provided with antibiotic prophylaxis require much higher numbers of patients.
As Sanchez-Manuel and Seco-Gil demonstrated in their meta-analysis, detection of a 50% difference between an antibiotic and placebo in an RCT requires 800 patients in each of the two arms [70] . With low numbers of SSI cases in both groups, the results can be confounded.
Most studies leave the issue of using perioperative prophylaxis unresolved. Use of antibiotic prophylaxis is still a subject of many controversies [71] .
Interestingly, an analysis of the summary of studies in Table II and the addition of patients from individual studies reveals a significant difference in the overall rate of SSI (4.7% vs. 2.5%). However, Aufenacker, in a comment on the survey by Aiken et al. [21] , warned against the danger of maintaining such statistics and their impact on the current guidelines. He similarly commented on the meta-analyses conducted so far and their unfounded "elevation" above the good RCTs [72] .
Conclusions
Antibiotic prophylaxis in elective repair surgery for inguinal hernia remains a controversial issue. The 2009 EHS guidelines recommend avoiding the use of prophylaxis in low-risk patients but considering it in patients at a high risk of SSI.
It is very likely that these recommendations will soon be reviewed. The more recent RCTs (e.g. the study by Mazaki et al. conducted in Japan) demonstrate that the problem remains unsolved and a large group of surgeons, based on their own experience, present an opinion that opposes the EHS recommendations.
The participants of the first world hernia conference in Milan in 2015 addressed the need to review the current recommendations on antibiotic prophylaxis in hernia repair procedures. In accordance with the principles of evidence-based medicine (EBM), insufficient evidence to support a given course of action weighs against its implementation (in this case, against implementing antibiotic prophylaxis as routine course of action in elective repair procedures for inguinal hernia).
The EBM requires that due consideration should be given to the results of research studies (RCTs in particular) but also requires that the following question is answered: do the results of research studies directly translate to practice and my patients?
It seems that facilities with high SSI rates (> 4-5%) should consider implementing antibiotic prophylaxis even in low-risk patients and should benefit measurably from it (reduced SSI rates).
At the same time, the reason(s) for such high rates of SSI at these facilities should also be investigated, particularly taking into account the fact that such procedures as shaving the surgical site one day before the elective procedure and aspiration of seromas continue to be common. The above practices are also routinely used in studies to estimate the rate of SSI.
It should also be kept in mind that the use of unlimited antibiotic prophylaxis as the only prevention of nosocomial infections does not solve the problem.
